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ABSTRACT: 

The pharmacokinetics, metabolism, and excretion of a new anti- 
psychotic drug, ziprasidone, were studied in four normal male 
volunteers after oral administration of a single 20 mg dose of a 
mixture of 14 C- and 3 H -labeled ziprasidone. Blood, urine, and feces 
were collected at various intervals for determination of total radio- 
activity and metabolic profiles. Eleven days after the dose, 20.3 ± 
1% of the administered radioactivity was recovered in the urine 
and 66.3 ± 4.8% in feces. The absorption of ziprasidone was rapid, 
and the C mM for ziprasidone and metabolites occurred at 2 to 6 hr 
postdose. Mean peak serum concentration of unchanged drug was 
45 ng/ml and a mean AUC^ of 335.7 ng • hr/ml. Mean peak serum 
concentration of total radioactivity (average of 3 H and 14 C) was 91 
ng-eq/ml and a mean AUC ((W] of 724.6 ng-eq • hr/ml. On the basis 
of AUCjo^ values, -46% of circulating radioactivity was attribut- 
able to unchanged drug. 

Ziprasidone was extensively metabolized and only a small 
amount (<5% of the administered dose) was excreted in urine and 
feces as unchanged drug. Twelve metabolites in human urine and 
serum were identified by ion-spray LC/MS and LC/MS/MS with 
simultaneous monitoring of radioactivity. The major urinary metab- 
olites were identified as oxindole-acetic acid and its glucuronide 



conjugate, benzisothiazole-3-yl-piperazine (BITP), BITP-sulfoxide, 
BITP-suffone and its lactam, ziprasidone-sutfoxide, and sulfone sim- 
ilar to those identified in rats. In addition, two novel metabolic path- 
ways (reductive cleavage and W-dearylation of the benzisothiazole 
ring) were identified for ziprasidone in humans. The metabolites 
resulted by these pathways were characterized as S-methyl-dihydro- 
ziprasidone, S-methyf-dihydro-ziprasidone sulfoxide, and 6-chloro-5- 
(2-ptperazin-1-yl-ethyI)-1,3-dihydro-indol-2-one, respectively. Zipra- 
sidone sulfoxide and sulfone were the major metabolites in human 
serum. The affinities of the sulfoxide and sulfone metabolites for 
5-HT 2 and D 2 receptors are low with respect to ziprasidone, and are 
thus unlikely to contribute to its antipsychotic effects. Structures of 
the major metabolites were confirmed by chromatographic and spec- 
troscopic comparisons to synthetic standards. Based on the struc- 
tures of these metabolites, four routes of metabolism of ziprasidone 
were identified: 1) rV-dealkylation of the ethyl side chain attached to 
the piperazinyi nitrogen, 2) oxidation at sulfur resulting in the forma- 
tion of sulfoxide and sulfone, 3) reductive cleavage of the benzisothia- 
zole moiety, and 4) hydration of the C=N bond and subsequent surfer 
oxidation or /v-dearylation of the benzisothiazole moiety. The identified 
metabolites accounted for >90% of total radioactivity recovered in urine. 



ZIP,' an effective antipsychotic, has a unique collection of receptor 
affinities (I-4). In conjunction with a high 5-HT 2 /D 2 receptor antag- 
onist ratio, it has potent affinity for 5-HT lo( 5-HT ld , and 5-HT 2c 

This work was presented in part at the 4th International Society for the Study 
of Xenobiotics Meeting, Seattle, WA, 1995. * 

1 Abbreviations used are: ZIP, ziprasidone {5-[2-(4-(1 ,2-benzisothiazol-3-yt)- 
ptperazin-1-yT}ethyf]^^kxT>1,3Kii^^ hydrochloride hydrate; 5-HT, 

5- hydroxytryptamine: T1CI 3 . titanium (III) chtoride; radio-HPLC. HPLC with on-line 
radioactivity detection: ZIP-SO, ziprasidone sulfoxide; ZJP-S0 2 , ziprasidone sulfone; 
OX-AA, (6-cWoro-2K)xo-2,3^irryoVo-1H-irKX^-5-yf)acetic acid; BfTP, 3-(piperazine- 
1-yt)-1,2-benzisothiazote; BITP-SO, BITP sulfoxide; BrTP-S0 2 . BJTP-sulforte; OX-P, 

6- <rfikxo-5-(2-piperazirM-yl-ethvl)-1 ,3-dihydro-tndol-2-one: dihydro-ZIP, 6-ch)oro-5- 
(2-{4-[imirK)-(2-merMpto-phenyl)rnethyl]-piperazin-1 -yl}ethyl)-1 ,3-dihydro-tndol-2- 
one; S -methyl -dihydro-ZIP, 6-chlorr>5-{2-{4-fmT«rv>^-rnethylsutfanyt-phen 
piperazin-1-yl)ethYrj-1.3-dih>tlro-indol-2-one; S-methyl-dihydro-ZIP-SO, 6-chloro- 
5-{2-{4-fimino-(2-methvl-suKanyl-phenyO-methyf]-piperazin-l -yf]ethyl}-1 ,3-dihydro- 
indol-2-orve~S -oxide; AUC. area under the serum concentration-time curves; C,^, 
maximum concentration; t mmx , time to maximum concentration; p-RAM. radioactivity 
monitor; CID. collision-induced dissociation; CNL, constant neutral loss; MRM, mul- 
tiple reaction monitoring: MTBSTFA. N(tert-butyldimethylstlyr)-W-methyltrifluorcacet- 
amide; 5-OH-ZIP. 5-hydroxy-ziprasidone; TIC, total ion current: RAD, radioactivity 
detector; dihydro-ZlP-Oj. 2-{4-p-*6-chbro-2-oxo-2.3-dihyo^ 
p<perazine-iK^trtxxiyO-bertzenesulfinic acid amide. 
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receptors and moderately inhibits norepinephrine and 5-HT reuptake 
that favors both improved toleration and expanded antipsychotic 
efficacy (3, 4). The compound is under late phase III clinical trials for 
the treatment of schizophrenia. Its preclinical and clinical pharmaco- 
logical profiles suggested that ZIP should be effective in the treatment 
of both positive and negative symptoms of schizophrenia (3, 4). In 
phase III clinical studies, ZIP has demonstrated good tolerability, 
particularly with regard to extrapyramidal side effects, at doses that 
are associated with efficacy in patients with schizophrenia (5). The 
oral bioavailability of ZIP in human is 59%, and its elimination 
half-life is 4 hr (6). 

The metabolism, excretion, and pharmacokinetics of ZIP in rats and 
dogs after a single oral dose have been reported recently (7-9). ZIP is 
partially absorbed in rats and dogs with absolute oral bioavailability 
ranging from 39 to 60%. The elimination half-life is —1 hr in both 
male and female rats, and 2.3 hr in male dogs (7). ZIP is extensively 
metabolized in rats and dogs. The main metabolic pathways were the 
yV-dealkylation of the ethyl group attached to the piperazinyi nitrogen 
and oxidation at sulfur of the benzisothiazole ring (8, 9). Data on the 
biotransformation of ZIP in humans are required to characterize 
human disposition and to compare with animal data. The aim of the 
present study was to determine the excretion routes in humans for ZIP 
and its metabolites, to elucidate the metabolic pattern of ZIP, and to 
evaluate pharmacokinetic parameters of ZIP and metabolites. A mix- 
ture of ZIP labeled with U C at C-2 of the ethyl group attached to the 
piperazinyi nitrogen, and 3 H at the C-7 position of the benzisothiazole 
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Fig. I . Structures of "C- and 'H -labeled ZIP. 

was administered to normal healthy male volunteers (fig. I). The use 
of two labels at these positions greatly facilitated the tracing and 
identification of metabolites that were formed through cleavage of 
ZIP similar to that reported for structurally related drug tiospironc (10, 
1 1). Structure elucidation of the major metabolites was achieved by 
LC/MS/MS with radioactivity monitoring, and identities of several 
metabolites were confirmed unambiguously by comparison of their 
chromatographic and spectral behaviors with those of synthetic stan- 
dards. 

Materials and Methods 

General Chemicals. Commercially obtained chemicals and solvents were 
of HPLC or analytical grade. ^-Glucuronidase (from Helix pomatia. type H-l 
with sulfalase activity) was obtained from Sigma Chemical Company (St. 
Louis, MO). YMC basic columns were obtained from YMC (Wilmington, 
NC). Ecolite ( + )-scintillation cocktail was obtained from 1CN (Irvine, CA). 
Carbosorb, Monophase S, and Permafluor E+ scintillation cocktails were 
purchased from Packard Instrument Company (Downers Grove, IL). TICI 3 
solution (20%) was obtained from Fisher Scientific (Springfield, NJ). 

Radioactive Drug and Reference Standards. A mixture of 3 H- and 
,4 C-labeled ZIP (specific activity: 2. 11 mCi for 3 H and 1.12 mCi for M C per 
mmol) was prepared at Pfizer Central Research by the radiochemistry group as 
described (12). It showed a radiopurity of 99% for both labels (radio-HPLC) 
ZIP-SO, ZlP-S0 2 , OX-AA, BITP, BITP-SO, BITP-S0 2 , BITP-S0 2 -lactam, 
and OX-P were prepared as described previously (8, "12, 1 3). Dihydro-ZIP was 
prepared by treatment of ZIP with benzyl mercaptan in isopropanol for 24 hr. 2 
S-Methyl-dihydro-ZIP and S-methyl-dihydro-ZIP-SO were prepared by meth- 
ylation of dihydro-ZIP with diazomethane or CH 3 I/KOH and subsequent 
oxidation with oxone using standard procedures (8, 13). 

Subjects and Dosing Procedure. The protocol for this study was approved 
by the local institutional review board before initiation. Four normal healthy 
male volunteers participated in the study. After being informed of the purpose, 
design, and potential risks of the study, the volunteers gave written consent. 
They were confined to the Clinical Research Facility under continuous medical 
observation for 12 hr before dosing and until 264 hr after dosing. ZIP was 
administered as a 20 mg suspension in water containing a total of 47.8 fiCi of 
M C and 90.3 ptCi of J H as a single oral dose in the morning after a standard 
meal. Subjects were fasted 8 hr before consuming a standard breakfast. 

Sample Collection. Urine was collected from each subject for 1 1 days at 
0-4,4-12, 12-24, 24-48,48-72, 72-96, 96-120, 120-144, 144-168, 168- 
192, 192-216, 216-240, and 240-264 hr postdose. Feces were collected from 
time of dosing until 264 hr after dosing. The weight of urine and fecal samples 
was recorded. Blood was collected in tubes containing no preservatives, 
anticoagulant, or serum separator at the following times: 0 (just before dosing), 
1, 2, 3. 4, 6, 8, 12. 16, 24, 36, 48, 72, 96, and 120 hr after drug administration. 
Blood was centrifuged within 1 hr after collection, and the serum was trans- 
ferred to ctean tubes. 

Analysis of Radioactivity. Quantification of total radioactivity in urine and 
serum was determined by counting sample aliquots (200-500 u.1, in triplicate) 
in a Wallac 1409 liquid scintillation counter using a "dual-label" 3 H/ M C 
program. Ecolite ( + )-scintillation cocktail (5 ml) was used for determination 
of radioactivity in the samples. Factory- insta lied quench curves were used for 
determination of counting efficiencies for 3 H and l4 C. 

Fecal samples were placed in Stomacher 400 bags and homogenized in 
water to a thick slurry using a Stomacher 400 Lab Blender (Cooke Laboratory 
Products. Alexandria, VA). Small aliquots (200-400 mg) were combusted 
using a United Technologies Packard Oxidizer model 306. Liberated ,4 C0 2 
and J H 2 0 were trapped, and the radioactivity in the trapped samples was 

2 S. Walinsky or a/., unpublished work. 



determined by liquid scintillation analysis. Packard Monophase S and Per- 
mafluor E* scintillation cocktails were used for 3 H and ,4 C, respectively. 
Combustion efficiencies were determined by combusion of M C and 3 II stan- 
dards in an identical manner. 

Quantification of ZIP in Scrum. Scrum concentrations of unchanged ZIP 
were determined by an LC/MS/MS assay (14). The limit of quantification was 
from 0.5 to 50 ng/ml, and the interassay precision was 9% or better. Pharma- 
cokinetic parameters were determined using a pharmacokinetic computer 
program written in the RS/I command language (RS/1 release 5.0.1; Bolt 
Beranck and Newman Software Products Corp., Cambridge, MA). The termi- 
nal phase rate constant (/T cl ) was determined from the beginning of the terminal 
phase to ihe last sampling time postdose by least squares regression analysis of 
the serum concentration-time data during terminal log-linear phase. Mean 
terminal phase half-life (/ l/2 ) was calculated as 0.693/mean K ci . The AUC (W _„ 
was calculated up to the last detectable concentration time point i using a 
trapezoidal approximation of area, and 0 as the lime 0 concentration. C mix was 
the first occurrence of the peak serum concentration, and / m „ was the earliest 
time at which C m „ was observed. 

Extraction or Metabolites from Biological Samples. A major portion of 
the radioactivity was recovered in the first 24 hr. Therefore, urine samples at 
0-4, 4-12, and 12-24 hr postdose were pooled on the basis of volume 
collected, and pooled urine was used for the extraction and identification of 
metabolites. Pooled urine (10 ml, 0-24 hr) from each subject was diluted with 
acetate buffer (pH 5.0) and was applied to a preconditioned C„ Sep-Pak 
(Waters Associates, Milford, MA). The column was washed with water, and 
the metabolites were eluted with methanol. A small aliquot of the methanol 
solution was counted. The recovery of radioactivity was >95% from columns. 
The organic solvent was evaporated to dryness, and the residue was dissolved 
in 200 ti\ of methanol:ammonium acetate (1:4), and an aliquot (80 fil) was 
injected on HPLC. Serum (5 ml, 0-8 hr) was diluted with 10 ml of acetonitrite, 
and the precipitated protein was removed by centrifugation. The pellet was 
washed with an additional 2 ml of acetonitrile, and both supematants were 
combined. The supernatant was concentrated, dissolved in 200 p.1 of mobile 
phase, and an aliquot (80 /j.1) was injected into the HPLC. 

Enzyme Hydrolysis. Pooled urine sample (5 ml) was adjusted to pH 5 with 
sodium acetate buffer (0.1 M) and treated with 2500 units of /3-glucuronidase/ 
sulfatase. The mixture was incubated in a shaking water bath at 37°C for 12 hr 
and was extracted as described. Incubation of the urine sample without the 
enzyme served as a control. 

HPLC. HPLC was conducted on a system that consisted of a Rheodyne 
injector (Cotati, CA) for manual injections, a LDC/Milton Roy constaMetric 
CM4IO0 gradient pump (Riviera Beach, FL), a Waters Lambda-Max model 
481 UV detector (Milford, MA), a radioactivity monitor (0-RAM; Tampa, 
FL), and a SP 4200 computing integrator (Riviera Beach, FL). Chromatogra- 
phy was performed on a YMC basic HPLC column (4.6 mm X 250 mm, 5 /im) 
with a binary mixture of 20 mM ammonium acetate (pH 5.0, solvent A) and 
methanol (solvent B). The mobile phase initially consisted of solvent A/solvent 
B (90:10) for 10 min. It was then linearly programmed to solvent A/solvent B 
(20:80) over a period of 50 min, held under isocratic conditions for 7 min, and 
then programmed back to the starting solvent mixture over a period of 8 min. 
The system was allowed to equilibrate for -10 min before making the next 
injection. 

Quantitative Assessment of Metabolite Excretion. The quantification of 
fecal and urinary metabolites was conducted by measuring the radioactivity in 
the individual peaks that were separated on HPLC using /3-RAM. The /3-RAM 
provided an integrated printout in dpm and the percentage of the radiolabeled 
material, as well as peak representation. The 8-RAM was operated in the 
homogeneous liquid scintillation counting mode with the addition of 4 ml/min 
of Ecolite (+)-scintillation cocktail to the elucnt post-UV detection. For 
simultaneous monitoring of 3 H- and "C-labeled compounds, efficiencies of 
37% for 3 H and 55% for ,4 C were used, with a compensation for M C spillover 
into the 3 H window of 31%. These parameters were determined through 
separate injections of single-labeled standards. The radiochromatograms of 
metabolites in serum were generated by collecting fractions at 20-sec intervals 
and counting the fractions in a Wallac 1409 liquid scintillation counter using 
a "dual -labeled" 3 H/' 4 C program. The retention time of the radioactive peaks 
was compared with the synthetic standards, and characterization of the major 
metabolites was conducted by LC/MS/MS. 



METABOLISM OF A BENZISOTHIAZOLYLPIPERAZINE 
TABLE I 



Radiolabeled mass balance of ZIP in four male subjects after a single 20 mg dose of ,4 C- and *H-7JP 
Percentage of J H and U C excreted in urine and feces from 0 to 264 hr 



Time 
(hr postdose) 






Urine 








Feces 






Total 






- 


4 C 












M C 




0.89 ± 


0.45 


0.97 


± 0.49 


— 




- 


0.90 £ 


0.45 


0.97 ± 0.49 


4-12 


8.31 ± 


1.69 


9.09 


± 1.81 








8.32 ± 


1.69 


9.09 ± 1 .80 


12-24 


4.00 £ 


0.82 


3.81 


± 0.87 


15.14 ± 


5.24 


14.08 ± 4.62 


19.15 i 


5.34 


1 7.90 ± 4.60 


24-48 


2.67 ± 


0.59 


2.11 


± 0.55 


28.65 ± 


3.77 


27.29 ± 4.00 


31.32 ± 


3.61 


29.40 ± 3.78 


48-72 


1.16 ± 


0.40 


0.96 


± 0.30 


8.47 ± 


1.47 


8.09 ± 1.28 


9.63 ± 


1.60 


9.04 ± 1.35 


72-96 


0.72 ± 


0.19 


0.64 


± 0.16 


4.97 ± 


2.93 


4.74 ± 2.82 


5.70 i 


2.88 


5.39 ± 2.80 


96-120 


0.60 ± 


0.07 


0.55 


± 0.07 


2.75 ± 


0.07 


2.66 ± 0.08 


3.35 ± 


0.08 


3.21 ± 0.08 


120-144 


0.51 ± 


0.14 


0.45 


±0.11 


2.25 ± 


0.73 


2.11 ± 0.69 


2.75 ± 


0.64 


2.55 ± 0.62 


144-168 


0.57 ± 


0.17 


0.50 


± 0.13 


1.67 ± 


0.45 


1.63 ± 0.42 


2.24 ± 


0.61 


2.13 ± 0.55 


168-264 


1.15 ± 


0.17 


0.99 


± 0.17 


4.20 ± 


0.45 


3.93 ± 0.80 


5.35 ± 


0.93 


4.92 ± 0.85 


Total 


20.59 ± 


0.96 


20.07 


± 1.12 


68.11 ± 


4.77 


64.52 ± 4.96 


88.69 ± 


4.72 


84.59 ± 5.05 



MS. Analysis of the metabolites was performed on a Perkin-Elmer-SCIEX 
API III HPLC/MS/MS system (Toronto, Ontario, Canada) using ion spray. The 
effluent from the HPLC column was split and —50 /il/min was introduced into 
the ion spray interface. The remaining effluent was directed into the flow cell 
of the /3-RAM. The 0-RAM response was recorded in real time by the mass 
spectrometer that provided simultaneous detection of radioactivity and MS 
data. The delay in response between the two detectors was ~0.2 min, with the 
mass spectrometric response recorded earlier. The ion spray interface was 
operated at 6000 V, and the mass spectrometer was operated in the positive-ion 
mode. CID studies were performed using argon gas at a collision energy of 25 
eV and a collision gas thickness of 3.5 x 10 M molecules/cm 2 . 

Results 

Excretion. The percentage of radioactivity excreted in urine and 
feces of four human volunteers after oral administration of 3 H- and 
M C-ZIP is shown in table 1. Overall, 87 ± 4% of the radioactive dose 
(average of 3 H and l4 C) was recovered in urine and feces. The 
percentage of the radioactive dose excreted in urine and feces was 
20.3 ± I and 66.3 ± 5%, respectively. Of all the radioactivity 
recovered in urine and feces, —89% and 64% were excreted in the 
first 48 hr, respectively. 

Pharmacokinetics. The mean serum concentration-time curves for 
total radioactivity and unchanged ZIP in human subjects after admin- 
istration of a 20 mg dose of 3 H- and ,4 C-Z1P are shown in fig. 2. 
Absorption of ZIP was rapid, as indicated by the early appearance of 
radioactivity in serum after oral administration. However, total radio- 
activity as a M C label was somewhat lower than the 3 H label in all 
subjects. The C,^ of total radioactivity was reached at 6 hr postdose, 
except in one subject where was reached at 4 hr postdose, and 
was 91.5 ± 25 ng-eq/ml (range: 6 1 ng-eq/ml to 1 1 9 ng-eq/ml) (table 
2). Detectable concentration of radioactivity could be seen up to 16 hr 
in all four subjects. 

Tnc W value f or unchanged ZIP was reached between 2 and 6 hr 
postdose, with a mean of 45.4 ± 31 ng/ml (range: 28.8 to 62.0 
ng/ml), half of that to total radioactivity (table 2). Similarly, the 
AUC (0 _, 6) values for total radioactivity (mean: 724.6 ng-eq • hr/ml) 
were nearly 2- fold higher than those for the unchanged ZIP (mean: 
335.7 ng • hr/ml). These data suggested that approximately one-half of 
the circulating radioactivity (average of 3 H and M C) was attributable 
to metabolites. 

Metabolism. Urine. The representative profiles of metabolites in 
urine samples (0-24 hr) from human subjects after oral administration 
of 3 H- and M C-ZIP with on-line radioactivity monitoring of M C (top 
panel) and 3 H (bottom panel) are given in fig. 3. A total of 10 




0 2 4 6 8 10 12 14 16 

Time (hr) 

Fig. 2. Mean serum concentration-time curves of total radioactivity and 
ZJP in male subjects. 

radioactive peaks were detected in the chromatograms. The radio- 
HPLC data are presented with the peak height normalized to that of 
the highest peak. Based on the radiolabel, the metabolites were 
classified into three categories: /) metabolites with only 3 H, 2) me- 
tabolites containing only the l4 C label, and 3) metabolites that con- 
tained both the labels. Metabolites with only one label, 3 H or 14 C, 
were identified as cleaved products and derived from benzisothiazole 
or oxindole moieties, respectively, and the metabolites that contained 
both the labels were from the intact molecule. Metabolites were 
quantified with on-line integration of the radiochromatographic peaks. 
The percentages of the metabolites excreted in relation to the total 
radioactivity in urine are presented in table 3. The identified .metab- 
olites accounted for >90% of the total radioactivity present in urine. 

LC/MS (full scan) and tandem MS, such as precursor ion, product 
ion, CNL and MRM scanning techniques were used for the identifi- 
cation of metabolites (8,15-17). Product ion mass spectrum of ZIP 
(m/z 413) showed an intense ion at m/z 194. The ion at m/z 194 
corresponds to a charge-initiated fragmentation of the aliphatic meth- • 
ylene carbon-piperazine nitrogen bond [(OX — CH 2 CH 2 ) + ], with ex- 
pulsion of the piperazine nitrogen-containing moiety as a neutral (2 1 9 
Da). The assignment of this ion was verified by parallel CID spectrum 
of m/z 415 [(M + H) + , 37 CI] that gave the fragment ion at m/z 196. 
Thus, the scans for the precursors of m/z 194 and the neutral loss of 
219 (MH-194) detected all of the metabolites that were modified on the 



866 



PRAKASH ETAL. 



TABLE 2 

Pharmacokinetic parameters of ZIP and total radioactivity in four male subjects after a single 20 rng dose of i H- and ,4 C-ZIP 



PK Parameters" 



DUOJCCi iu 


& Radioactivity 


AUC (() „ 
















ng-hr/mt 


ng/ml 


hr 




l/hr 


hr 


o i u-wj i 


71 P 


1AA ^ 


aa n 


L 




U.2 1 7 


3.20 




n rduioaiu viiy 


771 1 


oo.u 


O 




u. ioy 


4. 10 




l4 C radioactivity 


A77 7 


87 7 

o t ,L 


o 




u. ty^ 


3.61 




ZIP (%) 


49.2 


50.2 










a t n nnm 
OIU-UUUZ 


7ID 




TO 0 

iQ.fi 


1 




0. 16 1 


4.3 1 




1 1 rauiuatu vuy 


fi77 ft 


AA A 
00. 3 


0 




U. 1 J 1 


5.3 1 




C radioacti vity 




ou.v 


O 






4.65 




ZIP (%) 


45.8 


45.3 










ft \ ft ftftm 


71 P 




oZ.U 


4 




u. iy4 


3.57 




n rauiUAL.il vuy 


770 S 


t 1 S 7 


4 




n i *;*> 
U. IjZ 






\^ laUIUdLU V 1 IV 


647.0 




4 




ft 1 78 

u. i to 


i an 

3.yu 




ZIP (°/o) 


47 2 


56.6 










610-0004 


ZIP 


391.5 


54.0 


6 




0.215 


3.23 




3 H radioactivity 


956.1 


118.7 


6 




0.162 


4.27 




l4 C radioactivity 


849.6 


110.4 


6 




0.181 


3.82 




ZIP (%) 


43.4 


47.1 










Mean* ± CV (%) 


ZIP 


335.7 ± 12.5 


45.4 ±31.5 


3.5 ± 54.7 


0.197 ± 13.2 


3.53 




3 H radioactivity 


763.2 ± 16.4 


94.5 ± 26 


5.5 -a i; 


8.2 


0.153 ± 10.9 


4.52 




l4 C radioactivity 


685.9 :£ 15.9 


88.4 ± 25 


5.5 ± l; 


8.2 


0.175 ± 10.5 


3.96 




ZIP <%) 


46.3 ± 5.3 


49.6 ± 10 











PK, pharmacokinetic; CV, coefficient of variation. 

" and AUC (l) _ () values for radioactivity are expressed as ng-eq/ml and ng-eq ■ hr/ml, respectively, / = 16 hr. 



* Geometric mean for AUC (0 _„ and C m „ and average for r m „ and K e{ , od , 
TABLE 3 

Percentage of metabolites of ZIP in human urine and serum 



Metabolite No. 



% of Radioactivity* 1 



Urine 



Scrum 



Ml* 


1 1.62 


21.53 c 


M2* 


4.56 




M3'' 


1.88 


4.05 


M3A t/ 


15.35 


3.40 


M4'' 


24.72 


2.03 


M4A*' 


2-01 


1.60 


MS* 


3.44 


0.76 


M6 


9.11 


3.99* 


M7 


5.20 




M8 


2.56 


1.15 


M9 


31.84 


16.02/ 


M10 


0.49 




M13 


5.01 


25.95 



" Average of l4 C and 3 H labels. 

* Only 3 H label. 

* Mixture of Ml and M2. 
''Only M C label. 

* Mixture of M6 and M7. 
J Mixture of M9 and MI0. 

benzisothizol-pipcrazine moiety and oxindole ring, respectively. A 
parent ion scan of m/z 194 from a urine sample and the response from 
the radioactivity detector revealed the protonated molecular ions 
(M + H) + for seven metabolites (M4A, M6, M7, M8, M9, M10, and 
MI3) (fig. 4). The molecular ions of remaining metabolites were 
determined by full -scan LC/MS. The structures of all the metabolites 



to * 1/2 - 0 693/mcun K tl - 

were determined from the interpretation of their product ion spectra 
and were confirmed by comparison of their HPLC retention times 
with those of synthetic standards. 

Metabolites Ml, M2, and M3. Ml, M2, and M3 had the retention 
times of 9:02, 9:30, and 14:43 (min:sec), respectively, on HPLC and 
were detected only in the 3 H chromatograms indicating that these 
metabolites were cleaved products and contained benzisothiazole 
moiety. Full-scan LC/MS of Ml showed a strong signal for the 
protonated molecular ion at m/z 252, 32 Da higher than BITP, indic- 
ative of the addition of two oxygen atoms. The CID product ion 
spectrum of Ml (m/z 252) showed the fragment ions at m/z 209 and 
166, suggesting the presence of oxygen atoms on the benzisothiazole 
ring. MI coeluted with the authentic BITP-S0 2 on HPLC and had an 
identical CID spectrum. Based on these data, Ml was identified as 
B1TP-S0 2 . 

Full-scan LC/MS of M2 showed the strong signal at m/z 236, 16 Da 
higher than B1TP, suggesting the addition of an oxygen atom to the 
BITP. The CID product ion spectrum of M2 (m/z 236) showed the 
fragment ions at m/z 220, 177, and 134. M2 coeluted with the 
authentic BITP-SO on HPLC and had an identical CID spectrum. 
Based on these data, M2 was identified at BITP-SO. M3 exhibited an 
intense ion at m/z 266, 14 Da higher than Ml. M3 coeluted with 
synthetic BITP-S0 2 lactam and metabolite M3 from rat urine (8). 
Thus, M3 was identified as BITP-S0 2 lactam. 

Metabolites M3A, M4, and M4A. M3A, M4, and M4A had the 
retention times of 17:17, 21:54, and 26:45 (min:sec), respectively, on 
HPLC and had only l4 C label indicating that these metabolites were 
cleaved products and contained an oxindole moiety. A full-scan 
LC/MS of M3A showed the ammoniated (M + NH 4 ) adduct ions at 
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human urinary metabolites of ZIP. 
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m/z 419 (421, 37 C1). Treatment of the urine sample with ^-glucuron- 
idase resulted in the disappearance of M 3 A and in the increase of peak 
area corresponding to M4 (not shown). These results suggested that 
M3A was a giucuronide conjugate of M4. The CID product ion 
spectrum of m/z 419 showed the structurally significant fragment ions 
at m/z 226, 209, 180, and 131. Based on these data, M3A was 
identified as a giucuronide conjugate of M4. 

A full-scan LC/MS of M4 showed an ammonia ted adduct ion 
(M + NH 4 ) + at m/z 243 (245, 37 C1) and a protonated molecular ion at 
m/z 226 (228, 37 CI). The CID product ion spectrum of M4 (m/z 243) 
showed a characteristic fragment ion at m/z 1 80, loss of 46 Da from 
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Fig. 5. CI D product ion spectra of human urinary metabolite M4A. 

the protonated molecular ion, suggesting that a free carboxylic acid 
group was present in the molecule. M4 coeluted with synthetic 
OX-AA on HPLC and had an identical CID spectrum. Based on these 
data, M4 was identified as OX-AA. 

The parent scan of m/z 194 corresponding to M4A showed the 
protonated molecular ion at m/z 280, 134 mass units lower than the 
drug, thus suggesting that the benzisothiazole moiety was removed 
from the parent drug. The CID product ion spectrum of M4A showed 
the prominent fragment ions at m/z 194, 166, and 159 (fig. 5). The 
ions at m/z 194 and 159 suggested that the oxindole moiety was 
unchanged. These fragmentations were verified by parallel CID spec- 
trum of m/z 282 t(M + H) + , 37 C1], which gave the fragment ions at m/z 
196, 168, and 159. M4A coeluted with synthetic standard and had an 
identical CID spectrum. Based on these data, M4A was identified as 
OX-P. 

Metabolites MS, M6 f and M7, Peak VI had a retention time of 
32:53 min and was found to be a mixture of three metabolites (M5, 
M6, and M7). One of the metabolites M5 showed a protonated 
molecular ion at m/z 220, and its CID product ion spectrum showed a 
fragment ion at m/z 1 77, with a loss of 43 Da; the same was true of 
BITP. M5 coeluted with synthetic BITP standard and had an identical 
CID spectrum. Based on these data, M5 was identified as BITP. 

The second metabolite in peak VI showed a protonated molecular 
ion at m/z 445 (447, 37 CI), 32 Da higher than the parent drug, 
suggesting the addition of two oxygen atoms to the molecule. Its CID 
spectrum (m/z 445) showed two very useful prominent fragment ions 
at m/z 280 and 166. The ion at m/z 280 corresponds to a charge- 
initiated fragmentation of the piprazinyl nitrogen-bcnzisothiazole car- 
bon bond, with the expulsion of the benzisothiazole moiety as a 
neutral molecule. The ion at m/z 1 66 was resulted by the cleavage of 
the same nitrogen-carbon bond, but with charge retention on the 
benzisothiazole moiety as outlined in fig. 6. The assignment of these 
ions was confirmed by parallel CID spectrum of m/z 441 [(M + H)\ 
37 C1), which gave the fragment ions at m/z 282 and 166. These results 
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Fig. 6. CiD product ion spectra of human urinary metabolite M6 and 
synthetic standard. 

suggested that the addition of oxygen atoms had occurred on the 
benzisothiazole moiety. The presence of other characteristic fragment 
ions at m/z 194 and 263 in its CID spectrum further suggested that 
oxidation had occurred remote from the oxindole part of the molecule. 
A very characteristic fragment ion at m/z 430, loss of 15 Da from the 
parent molecule, indicated the presence of a methyl group. M6 did not 
coelute with the synthetic ZIP-S0 2 standard on HPLC. Treatment of 
the urine sample with aqueous TiCl 3 resulted in the disappearance of 
M6 and the increase in peak area of M9, suggesting that M6 was 
either /V-oxide or 5-oxide of M9. The reaction of the urine sample 
with MTBSTFA or diazomethane did not change the retention time of 
metabolite M6, suggesting that a free hydroxy I group was not present. 
M6 coeluted with synthetic S-methyl-dihydro-ZIP-SO and had an 
identical CID product ion spectrum. Based on these data, M6 was 
identified as S-methyl-dihydro-ZlP-SO. 

The third metabolite in peak VI indicated a protonated molecular 
ion at m/z 447, 34 Da higher than the parent drug, suggesting that the 
molecule had undergone monooxidation and an addition of water. Its 
CID spectrum showed the fragment ions at m/z 280, 263, 194, and 
168. The prominent fragment ion at m/z 168, 34 Da higher than the 
B1TP, suggested the oxidation at the benzisothiazole moiety. It was 
further supported by the presence of other fragment ions at m/z 280, 
263, and 194. Its retention time on HPLC was similar to that of 
metabolite M7 obtained from rat urine (8). Based on these data, M7 
was characterized as dthydro-ZIP-0 2 - 
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Fig. 7. CID product ion spectra of human urinary metabolite M9 and 
synthetic standard. 

Metabolite M8. M8 indicated a protonated molecular ion at m/z 
445, 32 Da higher than the parent drug, suggesting that the molecule 
had undergone two oxidations. Its CID spectrum showed an abundant 
fragment ion at m/z 194, indicating that the oxidation had occurred 
remote from the oxindole part of the molecule. It coeluted with 
authentic ZIP-S0 2 on HPLC and had an identical CID spectrum. 
Based on these data, M8 was identified as ZIP-SO z . 

Metabolite M9. M9 had a retention time of 40:09 min and showed 
a protonated molecular ion at m/z 429, 16 Da higher than the parent 
drug, suggesting that it was a monooxidation product of ZIP. Its CID 
product ion spectrum showed two very useful prominent fragment 
ions at m/z 280 and 150, suggesting the presence of oxygen on the 
benzisothiazole moiety (fig. 7). The assignment of these ions was 
confirmed by parallel CID spectrum of m/z 431 (MH + , 37 C1), which 
gave the fragment ions at m/z 282 and 150. The other characteristic 
fragment ions at m/z 194 and 159 also suggested that the addition of 
oxygen had occurred remote from the oxindole part of the molecule. 
The retention time of M9 was different from those of the synthetic 
ZIP-SO and 5-OH-ZIP standards. Treatment of urine sample with 
aqueous TiCI 3 or MTBSTFA did not change the retention time or the 
CID spectrum of metabolite M9. This eliminated the possibility of 
/V-oxide or hydroxy-ZIP. M9 coeluted with synthetic S-methyl-dihy- 
dro-ZlP and had identical CID product ion spectrum. Based on these 
data, M9 was identified as S-methyl-dihydro-ZIP. 

Metabolite M10. M10 had a retention time of 41:02 min and 
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TABLE 4 

MRM ions used to detect metabolites of ZIP in human serum 
Metabolite No. MRM Conversion 





m/z 


Ml 


252—209 


M2 


236—150 


M3 


266—209 


M4 


226—180 


M4A 


280—194 


MS 


220—177 


M6 


445—194, 445—166 


M7 


447—194, 447—168 


M8 


445—194 


M9 


429—194, 429-150 


M10 


429—194, 429—99 


MI3 


413—194 



indicated a protonated molecular ion at m/z 429, 1 6 Da higher than the 
parent drug, suggesting that a single atom of oxygen had been added 
to the molecule. Its CID product ion spectrum showed fragment ions 
at m/z 194 and 232, indicating that the oxindole moiety was un- 
changed. The other fragment ion at m/z 99 (HNC 4 H 8 N=CH 2 ) + sug- 
gested that the piperazine ring was unsubstituted. M10 coeluted with 
synthetic ZIP-SO on HPLC and had an identical CID product ion 
spectrum. Based on these data, M10 was identified as ZIP-SO. 

Metabolite M13 (Unchanged Drug). M13 gave a protonated mo- 
lecular ion at m/z 413. Its CID spectrum showed the prominent 
fragment ions at m/z 194, 177, and 166. It coeluted with authentic 
parent drug on HPLC and had an identical CID product ion specrum. 
Based on these data, MI3 was identified as unchanged drug. 

Metabolites in Serum. The serum samples (0-8 hr) from each 
subject were pooled, diluted with acetonitrile, and centrifuged. A 
small aliquot of supernatant and pellet was counted. Approximately 
83% of the total radioactivity was recovered in the supernatant. A total 
of 10 radioactive peaks were detected in the HPLC radiochromato- 
gram of a serum sample (not shown). The metabolites were quantified 
by counting the radioactivity of individual peaks that were separated 
on HPLC. The percentages of circulating metabolites in relation to the 
total radioactivity observed in serum are presented in table 3. 

Metabolites were identified by ion-spray LC/MS/MS using MRM 
technique and confirmed by compariosn of their retention times on 
HPLC with synthetic standards and/orVith metabolites obtained from 
human urine. ZIP (M13) and a total of 12 metabolites (Ml, M2, M3, 
M3A, M4, M4A, MS, M6, M7, M8, M9, and M10) were identified 
in serum and were similar to those found in human urine (tables 3 and 4). 

Discussion 

ZIP labeled with l4 C at C-2 position of the ethyl group attached to 
the piperazinyl nitrogen, and 3 H at the C-7 position of the benzisothia- 
zole was administered orally to human subjects. After 10 days, the 
fecal and urinary routes accounted for essentially all of the adminis- 
tered dose. The total amount excreted in urine was 20%. The urinary 
recovery of the dose was similar to total recovery in bile and urine of 
dogs, suggesting that at least 20% of the drug was absorbed in humans 
(9). The serum concentrations of total radioactivity were greater than 
the parent compound at alt time points. This suggested the early 
formation of metabolites. The serum concentration-time curves for 
unchanged ZIP in this study were very similar to those previously 
seen after oral administration to humans (6, 18). 

ZIP was extensively metabolized, and only a small percentage of 
the unchanged drug was found in urine. A total of 10 radioactive 



peaks were detected in the radiochromatogram. The identification of 
metabolites in a complex biological matrix, such as urine, offers an 
analytical challenge to separate the different metabolites from each 
other, to separate compounds from the urine matrix, and to combine 
the separation with a sensitive detection method that gives structural 
information. We have used LC/MS/MS (19-22) in combination with 
on-line radioactivity monitoring (23). Both the radioactivity and MS 
data were acquired in the same time domain by a single data system 
that facilitated the matching of the two types of information. Using the 
responses from TIC and RAD, we have identified metabolites ac- 
counting for >90% of total radioactivity present in urine. The iden- 
tities of major metabolites were confirmed by chromatographic com- 
parisons with synthetic standards. 

Based on the structures of metabolites, a plausible scheme for the 
biotransformation pathways of ZIP in humans is shown in fig. 8. The 
major routes of metabolism involved jV-dealkylation of the ethyl side 
chain attached to the piperazinyl nitrogen (Ml, M2, M3, M3A, M4, 
and M5), oxidation at sulfur resulting in the formation of sulfoxide 
and sulfone (M8 and M 10), reductive cleavage of the benzisothiazole 
moiety followed by methylation (M6 and M9), and hydration of the 
C=N bond and oxidation at the sulfur or dearylation of the 
benzisothiazole moiety (M4A and M7). The first route, AZ-dealkyla- 
tion, was analogous to that observed for the structurally related drugs 
(10, 24-26). The formation of sulfoxide and sulfone is common with 
sulfur-containing drugs (10, 27). The affinities of the sulfoxide and 
sulfone metabolites for 5-HT 2 and D 2 receptors are low with respect 
to ZIP, and are thus unlikely to contribute to its antipsychotic effects. 3 
The major AZ-dealkylation products of ZIP were OX- A A (M4), 
BITP (MS), BITP-SO (M2), BITP-S0 2 (Ml), and the corresponding 
lactam (M3). These metabolites accounted for 44% of total radioac- 
tivity present in urine. Unlike rats, metabolite OX-AA (M4) derived 
from this route was found to be capable of undergoing subsequent 
phase II metabolism by conjugation with glucuronic acid (M3A). The 
formation of BITP-SO and BITP-S0 2 suggests that the benzisothia- 
zole moiety is more susceptible to oxidation at sulfur than it is to 
aromatic hydroxylation. 

The important findings in the present study were the formation of 
several novel metabolites, M4A (W-debenzisothiazolylation), M6, 
M7, and M9. The metabolites M4A and M7 were formed by the 
addition of water and subsequent /V-dearylation or the cleavage of the 
C — N bonds of the benzisothiazole moiety and were identified as 
OX-P and dihydro-ZIP-0 2 , respectively. A possible mechanism for 
the formation of M4A and M7 can be postulated as follows. Hydra- 
tion of the C — N double bond of ZIP would result in a carbinoldia- 
mine intermediate that could be hydrolytically rearranged by a reac- 
tion identical to the second step of W-dealkylation (28-30). Either of 
the two C — N bonds could be cleaved to yield OX-P or hydrated-ZIP. 
Unlike rats, both the metabolites were identified in human urine, 
suggesting that the cleavage was not selective (8). Hydrated-ZIP was 
found to be further oxidized at sulfur to form M7. The results of this 
study do not indicate whether hydration of the benzisothiazole occurs 
before or after the oxidation at the sulfur. But it seems reasonable to 
propose that the addition of water to the benzisothiazole moiety would 
be more likely to occur after oxidation of the sulfur atom to the 
sulfoxide, because this would render the heterocycle more electro- 
philic and thus more prone to hydration (fig. 9). 

The other novel metabolic pathway of ZIP was the formation of 
metabolites M6 and M9. MS data suggested that the metabolites M6 
and M9 were resulted by the addition of 16 and 32 mass units, 
respectively, on the benzisothiazole moiety other than sulfur oxida- 

3 S. Zom ef at., unpublished work. 
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tion. Based on these data, three structures were originally considered 
for M9: oxidation at the nitrogen of the benzisothiazole ring to form 
ZlP-W-oxide, aromatic hydroxylation of the benzisothiazole moiety 
(OH-ZIP), and reductive cleavage of the benzisothiazole, followed by 
methylation of the resulting thiophenol (S-methyl-dihydro-ZlP). Fur- 
ther sulfur oxidation of M9 could give metabolite M6. Although, 
there are several investigational pharmaceutical compounds contain- 
ing a benzisothiazole structure (13, 31, 32), but to our knowledge, 
W-oxidation, aromatic hydroxylation and/or reductive cleavage of the 
benzisothiazoles have not been reported. However, the oxidation of 
two heterocyclic atoms in an aromatic ring has been reported (33), 
whereas 4,5-dimethylthiazol-A^-oxide-5'-oxide was identified as a me- 
tabolite of chloromethiazole in humans. Therefore, the possibility of 
//-oxidation or aromatic hydroxylation of benzisothiazole ring was 
studied by reduction with TiCl 3 (34) and formation of silyl derivative 
(35), respectively. Both metabolites M6 and M9 were unaffected by 
the reaction of MTBSTFA, indicating that no free hydroxy! group was 
present. Treatment of urine sample with aqueous TiCl 3 resulted in the 
reduction of metabolite M6 and the increase in peak area of M9. 
These data suggested that M6 was a sulfur oxidation product of M9, 
and ruled out the possibility of M9 bemg an A^-oxide. Therefore, M6 
and M9 were characterized as S-methyl-dihydro-ZIP-SO and S-meth- 
yl-dihydro-ZlP, respectively. Recently, in vitro studies of ZIP using 
human liver homogenate have demonstrated that the formation of 
these metabolites required the presence of S-adenosyl-methionine, an 
essential cofactor for the methylation of thiols, in the incubation 
medium (36). In an attempt to confirm further this route of metabo- 
lism, synthetic standards of S-methyl-dihydro-ZIP and 5-methyl-di- 
hydro-ZIP-SO were prepared by treatment of dihydro-ZIP with dia- 
zomethane or CH 3 I/KOH and subsequent oxidation with oxonc. 
Metabolites M6 and M9 coeluted with synthetic standards on HPLC 
and showed identical mass spectral characteristics (figs. 6 and 7). . 

Based on these results, we concluded that M6 and M9 were due to 
reductive cleavage of the benzisothiazole ring. Similar cleavage has 
been reported for the compounds possessing a 1,2-benzisoxazoIe ring 
structure, risperidone (37), zonisamide (38), iloperidone (39), and 
CP- 1 18,954 (40). Reductive cleavage of benzisoxazoles resulted in 
the formation of an intermediate imine that is hydrolyzed nonenzy- 
matically to a stable ketone. But, in ZIP, the intermediate amidine was 
not identified due to its instability under acidic conditions. 
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FlG. 9. Proposed mechanism for the formation of metabolite M4A and M7. 

The formation of metabolites M6 and M9 involves two steps that 
may be catalyzed by two different enzymes. We do not presently 
know which enzymes are involved in reduction of the benzisothiazole. 
The opening of the benzisoxazole ring of risperidone was attributed to 
the reduction by gut microflora (37). The reductive ring opening is a 
reaction of dihydrogenation and as such must involve transfer of two 
electrons. It has recently been shown that the reductive ring opening 
in zonisamide is catalyzed mainly by a specific cytochrome P450 
enzyme (CYP3A) in human and rat liver microsomes under anaerobic 
conditions (41, 42). Because ring-cleaved metabolites of ZIP were 
found in both urine and serum, we believe that the opening of the 
benzisothiazole ring is also mediated by liver enzymes. Further stud- 
ies to determine the enzymes involved in the formation of these 
metabolites are currently under investigation. 

In summary, the clearance of ZIP in human was by both phase I and 
phase II metabolism followed by elimination. The use of two labels 
and the presence of a chlorine atom were very helpful in identifying 
the metabolites and interpretation of their mass spectra. In addition to 
W-dcalkylation and sulfur oxidation, two novel metabolic pathways 
were proposed for ZIP. The identification of these metabolic pathways 
of ZIP will have relevance to understanding the metabolism of other 
benzisothiazolepiperazine drugs. The identified metabolites described 
herein account for -97% and 64% of the total radioactivity extracted 
from urine (0-24 hr) and serum (0-8 hr), respectively. 
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